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Introduction
Spatial communication consists of both verbal spatial language and gesture (Emmorey & Casey, 2001 ). There has been limited research that has investigated the use of spatial communication by people with aphasia despite it being an important aspect of communication.
Gesture appears to be an essential part of spatial communication. Studies with the general population have found an increase in gesture when speech is spatial in nature and that spatial speech production is more difficult when gesture is restricted (Hostetter & Sullivan, 2011) . This apparent link between verbal spatial language and gesture could prove useful clinically and should be investigated with people with aphasia.
The majority of studies that have investigated spatial communication by people with aphasia have focussed on verbal language rather than gesture. Studies have found that people with Broca's aphasia have particular difficulty with locative prepositions, and that locative prepositions are often omitted or substituted with other prepositions (Menn, Gottfried, Holland & Garrett, 2005) . Such difficulties with prepositions are thought to relate to all levels of language processing (Menn et al, 2005) . There is a growing body of research which suggests that people with aphasia produce more gesture than control participants (Carlomagno and Cristilli,2006) , and that the analysis of these gestures may provide insight into their underlying language impairment (e.g. Cocks, Dipper, Middleton & Morgan, 2011) . These findings suggest that analysing both gesture and spatial language can provide greater insight into the person with aphasia's difficulties.
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Research that has investigated spatial gesture use by people with aphasia has been limited to two studies. Menn et al. (2005) explored the expression of spatial relationships and their interaction with pragmatic abilities. They found that participants with aphasia used a higher frequency of gestures than controls to indicate locative prepositions. However, because the focus of this study was on pragmatic abilities, spatial gestures were not analysed in detail. The other study which included spatial gesture was a single case study by Kemmerer, Chandrasekaran & Tranel (2007) ; although this study also did not specifically explore spatial language. Their participant with severe aphasia had very limited verbal output but was able to depict via gesture those motion events which included spatial information.
The current study aimed to build on these two findings by exploring the patterns of frequency and variability of spatial language and gesture use by three participants with aphasia in comparison to a group of control participants.
Methodology Participants
Three participants with aphasia (AP1, AP2 and AP3 -see Table 1 ) were recruited from community stroke groups. They were compared to nine control participants who had no history of neurological illness (female=4; mean age= 59.7, SD= 17.2; mean years of education= 12.3, SD=2). All participants spoke English as a first language and were right handed.
Running Head: Spatial Communication in Aphasia The study was approved by the School of Health Sciences, City University Ethics Committee. All participants were given written information about the study and given time to read the information sheet and to discuss it with relatives or friends. For participants who had aphasia, an 'aphasia friendly' information sheet was provided. All participants were also given an opportunity to ask the researchers questions about the study before agreeing to take part. All participants signed a consent form indicating that they agreed to take part in the study. For participants with aphasia, the consent form was written in an 'aphasia friendly' format.
Assessments
A range of standardised assessments were undertaken with the participants with aphasia in order to determine their language, cognitive and motor abilities (Tables 2 and   3 ). 2) Explain the route taken to a local amenity from your property.
3) Direct the researcher in how to arrange the following items: a. dinner plate, two forks, two knives, dessert spoon, wine glass, and napkin Gestures were classified as one of the following types: points, deictics, orientation and shape outlines. These groups were chosen as they were felt to be most relevant in relation to spatial communication. Gestures that did not fall into these categories e.g. beats, were not included in the analysis. Points and deictics were treated as two separate categories as it was considered important to distinguish between these. Points were defined as direct pointing to an area and deictics for other directional indications.
eg. hand moving up to indicate 'up'. Orientation gestures were defined as those that indicated the positioning/ orientation of an object eg. hand / finger being moved in a circle or turned over to indicate 'turn around' or 'turn over', or hand being positioned at the angle / orientation required of the object. Shape outline gestures were those that traced the outline of an object eg. drawing the sides of a square with a finger. Head gestures were classified in the same way with the head being substituted for the hand / finger. Gestures were also classified as either occurring with speech or without speech.
The language produced by the participants was also transcribed and the spatial language was identified. For the purpose of this study, spatial language was defined as:
locative prepositional phrases such as "on the table"; locative verb phrases such as "put it there" or "turn it around"; the locative pronouns "here" and "there"; and finally the locative nouns "(the) left" and "(the) right" Cases of ungrammatical verbal spatial Running Head: Spatial Communication in Aphasia language, for example "turn around" rather than "turn it around" or "there … put it" were included in this count.
Inter-rater agreement
One randomly selected control participant, as well as question 11 of all three participants with aphasia, was rated by a second rater. 92.86-100% agreement across participants was reached on the number of instances of spatial language and 93.55-100% on the measure of variety in spatial language. 86.36-100% agreement was reached on the numbers of gestures produced alongside spoken spatial language and 88.89-100% on the number of relevant gestures produced without spoken spatial language. 88.00-94.74% agreement was reached on the classification of gestures.
Results
Analysis of data was undertaken using descriptive statistics and modified t-tests (Crawford & Howell, 1998) . Participants with aphasia were compared to the nine control participants. The modified t-test is recommended for use when comparing an individual's performance to a small group of control participants. In particular, Crawford and Howell (1998) recommend that the modified t-test should be used when the group of control participants is less than 50 1 .
All three participants with aphasia used significantly more gestures with their verbal spatial language than did the control group (AP1: t(10)= 4.962, p< 0.01; AP2: t(10)= 2.558, p<0.05; AP3: t(10)=2.950, p<0.02) . Figure 1 shows the percentage of spatial language that was accompanied by gesture.
There were no statistical differences between the participants with aphasia and the control participants for any of the gesture types. All participants used predominantly deictics, with most also using a range of points and orientation gestures. See figure 2 for the relative proportion of different types of gesture use.
---------------------------Insert Figure 2 about here---------------------------
All three participants with aphasia produced significantly more gestures without spoken spatial language than the controls (AP1: t(10)= 23.246, p<0.001, AP2: t(10)= 2.440, p<0.05, AP3: t(10)= 66.014, p<0.001 ( figure 3 shows the numbers of relevant gestures used without spatial language).
When unable to access verbal language, AP1 and AP2 used a range of gesture types including points, deictics and orientation gestures. AP3 appeared to have a limited number of prepositions in her vocabulary which may account for her use of 115 hand gestures to indicate locative relationships without speech. 56.25% of these gestures were points, many of which were very vague. The remainder were split between deictics and orientation gestures. See figure 4 for the distribution of types of gestures used without spatial language.
---------------------------Insert Figure 3 about here------------------------------------------------------Insert Figure 4 about here---------------------------
Running Head: Spatial Communication in Aphasia AP1 (93) and AP3 (only 25) both used fewer tokens of locative prepositional, verb and noun phrases in comparison to the controls (M= 198.33, SD= 43.53160) , (AP1= t(10)=-2.295, p<0.05 (one tailed); AP3= t(10)= -3.777, p<0.01). AP2 however, used a similar number of tokens of verbal spatial language (254) to the control participants. She often incorrectly selected phrases but was predominantly aware of these errors and attempted self-correction, resulting in the increased overall number produced. See figure 5 for the number of tokens of verbal spatial language use across participants.
AP1 (16) While AP1 and AP2 often substituted locative prepositional, verb and noun phrases for incorrect ones e.g. 'other side' for 'left' or 'right', AP3 omitted the speech entirely.
---------------------------Insert Figure 5 about here------------------------------------------------------Insert Figure 6 about here---------------------------

Discussion
The aims of the study were to explore the spatial communication of three participants with aphasia. All participants with aphasia used significantly more gestures alongside Running Head: Spatial Communication in Aphasia their verbal spatial language than the mean of the control sample. Carlomagno and Cristilli (2006) also found that people with aphasia used more gestures and an increased number of gestures per word than controls; however this was during a narration task rather than in relation to verbal spatial language. The current study therefore suggests that the high frequency of gestures by people with aphasia occurs across a range of discourse tasks.
There were interesting differences between the gestures of the participants with aphasia when verbal language failed. When verbal spatial language for AP1 and AP2 failed, they were able to use a range of gesture types to communicate their message. This is similar to the case described previously in the literature by Kemmerer et al. (2007) . AP3 however, had more difficulties with both comprehension and production of verbal spatial language suggesting a more significant spatial communication difficulty. Unlike AP1 and AP2, she relied heavily on the same few gestures: point, slight movement of hand for direction, and rotating her finger for 'turn around'. With the exception of pointing, AP3 did not use gesture spontaneously. When she was unable to convey her message, she continued to point without attempting to provide further information and only occasionally used additional gestures. Thus when AP3's language failed, she was often unable to use gesture in a compensatory way to convey her message. This suggests that she was unable to retrieve neither the verbal nor gestural representation of the required word or phrase. While the reasons for this are not clear from the assessment data, the results suggest that AP3 had a more significant spatial communication deficit that affected her ability to use an alternative modality of communication when verbal language failed.
The current study therefore adds to the growing body of research (e.g. Cocks et al.
Running Head: Spatial Communication in Aphasia 2011) which suggests that the analysis of gesture by people with aphasia may be a useful addition to the speech and language therapists' assessment toolkit.
Although this was an exploratory study with a small number of participants, the key finding -that participants differed in their ability to use gesture when unable to access verbal spatial language, and that the differences can be related to their language profile -justifies further exploration with a larger number of participants. 
